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Abstract

Background: The flower thrips, Frankliniella schultzei Trybom (Thysanoptera: Thripidae) is a notorious pest that
attacks the plants of economic importance. The anthocorid bug Blaptostethus pallescens Poppius (Heteroptera:
Anthocoridae) is a predator of thrips in field crops and greenhouses. Another biocontrol agent, the entomopatho-
genic fungi (EPF) Lecanicillium lecanii (Zimm.) (Hypocreales: Cordycipitaceae), has been effectively used in manage-
ment of various insect pests. With the aim to develop an effective combination of biocontrol agents like microbial
and insect predator for the management of the serious pest £. schultzei, the present studies were carried out on
development, predation rate and prey preferences of the predator B. pallescens provided with the EPF (ICAR-NBAIR
VI-8)-treated thrips under laboratory conditions.

Results: The predator, B. pallescens, could complete its life cycle on treated thrips. The nymphal duration of bugs

fed on treated thrips was higher (25.25 £0.13 days). The VI-8 strain did not show any negative effect on hatchability
of eggs (83% hatchability in treatment; 86% in control). However, the longevity was comparatively less in bugs fed

on treated thrips than that of control group The fecundity of the treated group was found to be reduced to one

half of the control group. The rate of daily feeding potential of bugs on treated thrips was less (7.29 £ 0.15) than the
untreated thrips (12.54 £ 0.1) throughout their lifetime. Moreover, when the F1 generation from both parents line fed
on treated and untreated thrips allowed to feed on Corcyra cephalonica eggs, it did not show any difference in terms
of nymphal duration which revealed that the fungi did not affect the F1 generation. When choice was given between
treated and untreated thrips to different instars of this predatory bug, all the instars including adult significantly
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preferred the untreated thrips. However, nymphs and adult bugs were found to encounter both the treated and
untreated thrips. No mortality was observed in any stage of the predator.

Conclusion: This study shows that the effect of L. lecanii ICAR-NBAIR VI-8) on B. pallescens is not harmful. However,
further field studies are required to evaluate their combined effect against this pest.

Keywords: Biocontrol, Frankliniella schultzei, Blaptostethus pallescens, Lecanicillium lecanii, Integration

Background

The flower thrips, Frankliniella schultzei (Trybom),
is a polyphagous insect pest and has ability to feed on
alternative food source. It is a severe pest of cucumber,
bean, snap bean, pepper, corns (Pereira et al. 2017). It
is also called as common blossom thrips and distrib-
uted in the subtropical as well as the tropical regions
around the world. In addition to being a serious pest
that causes major losses through feeding damage, it
also acts as a vector transmitting Tospovirus (Tamiris
et al. 2020).

Minute pirate bugs as well as entomopathogenic
fungi (EPF) could be alternatives to chemicals to con-
trol thrips. The anthocorid predatory bug, Blaptoste-
thus pallescens Poppius (Heteroptera: Anthocoridae),
has been found feeding on thrips, lepidopteran insects
and mites (Ballal et al. 2018). This bug is suitable for
laboratory rearing conditions, and its biological charac-
teristics have already been studied (Ballal et al. 2003).
B. pallescens has been found preying upon several pests
like eggs of lepidopteran pests like spider mites, woolly
aphid infesting cotton and young caterpillars (Ballal
et al. 2018). EPFs have got numerous benefits in terms
of various insect pest management, and it is safer to
environment and could be a replacement for chemical
pesticides (Bamisile et al. 2021).

To manage serious pests like thrips, it is desirable to
use more than one management practices in a com-
patible manner. Integration strategies that include
insect natural enemies and microbials for the manage-
ment of pests have potential against insect pests. But
then, it is very much warranted to test lethal and sub-
lethal effects of such microbial agents over the natu-
ral predators (Croft 1990) to understand compatibility
of both the bioagents for better management of insect
pest (Najme et al. 2011). These microbials could affect
biology, life table parameters, predatory potential of
both parental as well as F1 generation. Thus, the pre-
sent study aimed to study the effect of L. lecanii (strain
NBAIR VI-8) on biology, predation rate and prey pref-
erence of the predatory bug B. pallescens when fed on
E schultzei. This study will enhance our understanding
and provide information on combined application of
these two bioagents to manage the thrips.

Methods

Entomopathogenic fungi culture

The EPF, L. lecanii V1-8 strain, was grown and maintained
in Sabouraud Dextrose Yeast agar (SDYA) Medium at
254£1 °C for 8-10 days. After the growth of pure culture
in the plates, the fungal spore culture was inoculated into
Sabouraud Dextrose Broth media (SDYB) liquid media. It
was then placed in shaker at 25+1 °C and 150 rpm for
8 days. The 8-day-old culture was then mixed with the
pre-autoclaved talc in the ratio 1:2 (500 ml fungi grown
broth: 1 kg talc). Then, the mixed talc was covered with
a black cloth and kept for drying for 3 days under aseptic
conditions. Quality analysis of EPF was done by check-
ing the spore count through hemocytometer and serial
dilution method. Briefly, 1 g of talc was mixed to 9 ml
of water and was vortexed and 1 ml from it was trans-
ferred to another vial to make it 1072 The same method
was repeated up to 107'? dilution. Further 1 ml taken
from 107, 1078, 10719, 1072 dilutions and transferred to
a Petri plate containing SDYA medium. The colony count
was observed in 1078 plates to confirm that the talc con-
tains 107 spores. After the spore count was quantified,
the suspensions were finally prepared by serial dilution in
distilled water by adding 0.1% of Tween-80 and stored in
the refrigerator at 4 °C until further use.

Insect culture

Frankliniella schultzei

Adults of E schultzei were reared on chemical free beans
in a plastic container (1 L capacity) with a lid. The lid of
the container was cut open and stuck with a fine mesh for
aeration. Daily bean pods were collected from the adult
container and kept for hatching to get desirable stage.

Blaptostethus pallescens

Adult of B. pallescens was obtained from the stock cul-
ture reared at ICAR-NBAIR laboratory, Bengaluru, and
subcultured in plastic pearl pet containers of 500 ml
capacity. Corcyra cephalonica eggs ad libitum were given
as food, and 4-5 pieces of bean pods each of size 5-6 cm
were provided as ovipositional substrate in each con-
tainer which can hold up to 20 adult B. pallescens. Col-
lection of bean pods was done on daily basis to collect
the eggs of B. pallescens and kept for hatching. The newly
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hatched nymphs were reared in plastic containers using
the same procedure as followed for adults. Corcyra eggs
were replenished on daily basis as food. A small cotton
piece soaked in water was introduced into the containers
to maintain the moisture.

Biology and feeding potential on VI-8 treated

and untreated thrips

Laboratory studies were carried out at 26+2 °C and
65+2% R.H. Second instar larvae of thrips were taken
and sprayed with 1 x 10® spores/ml of V1-8 fungal strain
such that the entire body surface is covered. After 24 h. of
spraying, the treated thrips were then counted and pro-
vided as feed for the predator. The predator B. pallescens
was acclimatized to laboratory conditions for 2 genera-
tions on untreated F schultzei thrips before commencing
the experiment. Biology was also studied on untreated
thrips.

Thirty newly hatched nymphs of the predator were
taken for the experiment. Each nymph was placed indi-
vidually in plastic containers (90 mm diameter) with
tissue paper in the bottom and VI-8-treated thrips as
feed. Two bean pods were introduced in each plastic
container for feeding for thrips. Ten number of treated
or untreated second instar thrips larvae were provided
per nymph initially up to first two instars of predatory
bug and were increased to about 30 for late instars and
adults because of increase in requirement by the advance
stages of predatory bug. Observations on the number of
thrips consumed and the time of molting were recorded
on daily basis in both the treatments. Thrips were replen-
ished on daily basis to all the containers. The experimen-
tal setup was maintained till emergence of adults. The
nymphal duration for each individual was recorded. After
the adult emergence, the sex ratios were recorded. Fur-
ther, the adults were left for mating in order to observe
the fecundity and per cent hatching. Longevity of male
and female predator was also recorded. Morphometrics
of each nymphal instars and adults were recorded using
LEICA M205C microscope.

F1 generation

The eggs laid by the adult bugs reared on VI1-8 treated or
untreated thrips were collected and kept for hatching.
Twenty nymphs were taken and reared on UV-treated
C. cephalonica eggs to check if there was any adverse or
sublethal effect of VI-8 on nymphal duration of F1.

Prey preference of different instars of predatory bugs

Second, third, fourth and fifth nymphal instars of B.
pallescens along with female adults were taken and pro-
vided with VI-8 treated and untreated second instar
thrips larvae at the same time. Fifteen treated and fifteen
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untreated thrips were provided for second and third
instar, and the number of thrips was increased to 20 each
for fourth instar to adult stage. Experiment setup of each
bug was maintained in a large Petri plate and kept for
24 h. The thrips consumed by the bugs were recorded.

Adult preference at different time intervals of thrips
infection

Three-day-old adult bugs were offered 20 untreated and
20 VI1-8 treated second instar thrips larvae at different
intervals, i.e., 24, 48, 72, 96 h. post-inoculation, and were
checked for their preference. The thrips consumed by the
bugs were recorded after 24 h.

Statistical analyses
Prey preference of different instars of B. pallescens was
analyzed using an independent t test comparing the
means of V1-8 treated and untreated thrips. Manly’s pref-
erence index for prey type was calculated using the for-
mula given below:

log (j—ll)
p1=
log (1%11) + log(%)

where S1 is the prey preference toward prey type 1, el
is the remaining prey after the experiment, and A1 is the
number of prey provided initially. The value near to 0.5
reveals that there is no preference toward provided prey.
If the value is nearing to 1, it shows the preference toward
prey type 1 and value nearing to 0 shows the preference
toward prey type 2 (Varshney and Ballal 2018). In this
study, untreated thrips were chosen as prey type 1. One-
sample t test was used to compare the Manly’s preference
index for untreated thrips setting a value 0.5 to test the
null hypothesis that predator prefers prey at random.

Results

Biology on VI-8 treated and untreated thrips

Blaptostethus pallescens was able to complete life cycle
feeding on VI-8-treated thrips. All the morphometric
data on mean body length, width, labium, hind femur and
tibia of adult B. pallescens when fed on treated thrips did
not differ than the adults fed on untreated thrips. Hence,
we did not show data in this paper.

The comparative data on biological parameters of B.
pallescens fed on V1-8 treated and untreated thrips are
given in Table 1. The data revealed that the nymphal
duration was higher (25.25+0.13 days) for B. palles-
cens reared on VI-8-treated thrips than the untreated
ones (19.56+0.29 days). The longevity of both male and
females of the bugs reared on VI-8-treated thrips were
reduced (male: 13.5+2.22; female: 14.2+2.20) than
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Table 1 Comparison between biological parameters of
Blaptostethus pallescens reared on VI-8 treated and untreated
thrips Frankliniella schultzei

Stage Fed on treated thrips Fed on
Mean £ SE untreated
thrips
Mean £ SE
Duration of Nymphal instars (days)
| 2331+0.14 144+£0.18
Il 4.67+031 578+£0.15
Il 6+0.17 356+0.24
vV 5334+0.19 3.894+0.11
\Y 6.92+0.26 4894031
Total nymphal period (days) 25254013 19.56+0.29
Longevity of male (days) 13.5+£222 38671186
Longevity of female (days) 142422 40.254+0.85
Eggs per female 2467+3.71 49.67 £5.04
Nymphs per female 20.67+3.71 4267 +£437
Percent eggs hatched 82.83+235 85.89+1.31
Sex ratio (F:M) 14:1 2:1

the bugs reared on untreated thrips (male: 38.67 £ 1.86;
female: 40.25+0.85). The bugs reared on untreated
thrips were able to survive for around 24 days more than
the bugs fed on treated thrips. This certainly showed the
reduction in the predation capacity of the bugs when
reared on treated thrips. The fecundity and nymphs per
female of insects reared on treated thrips were reduced
to one half of the control insects.
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However, non-significant difference was observed in
percent hatchability of the bugs fed on treated thrips
(83%) and bugs fed on untreated thrips (86%). The sex
ratio revealed that the female emergence was higher in
both the treatments.

Feeding potential

Feeding potential data of the B. pallescens revealed non-
significant difference in per day and total feeding for
the 1st instar of predatory bug when allowed to feed on
VI-8 treated and untreated thrips. A difference in feed-
ing potential was observed from the second instar to
fifth instar resulting in difference in total nymphal
feeding potential being 103.5+1.42 in nymphal dura-
tion of 25 days and 124.33+1.94 in 19 days for VI-8
treated and untreated thrips, respectively. The average
daily feeding rate of the adult bug on treated thrips was
7.29+0.15 which was significantly lower than the con-
trol (12.54 4 0.1). The total adult feeding on treated thrips
was 514+1.03 for one week and on untreated thrips,
it was 100.33+£0.91 (Fig. 1).

F1 generation

The nymphal duration of F1 generation from both treat-
ments where B. pallescens was reared on VI-8 treated
thrips and untreated thrips was observed. There was
non-significant difference in nymphal durations in both

14 -

10

Average number of thrips consumed

123 4567 8 91011121314151617 18192021 22232425

Days
—s—Vi-8treated Thrips —*—untreated thrips

Fig. 1 Feeding potential of different instars of Blaptostethus pallescens fed on Lecanicillium lecanii (VI-8) treated and untreated Frankliniella schultzei
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Table 2 Nymphal duration of F1 generation of Blaptostethus
pallescens obtained from the parent bugs fed on VI-8 treated and
untreated thrips

Nymphal stage Fla F1b

| 314023 34021

Il 41+£0.18 43£0.21
Il 334015 354017
\% 41401 36+0.16
\ 42402 454027
Total nymphal duration 188+0.2 18.9+0.23

F1a :Nymphal duration of F1 generation obtained from parent fed on treated thrips

F1b :Nymphal duration of F1 generation obtained from parent fed on untreated thrips

the treatments. Nymphs from both treatments were able
to complete nymphal duration in 18 days (Table 2).

Prey preference of different instars

Data in Table 3 show the prey preference data of B.
pallescens on VI-8 treated thrips and untreated thrips
recorded after 24 h. of inoculation. The predator was
found to encounter both groups, but it preferred the
untreated thrips. In choice test, second (¢=3.130,
df=4.927, p=0.026), third (¢=—5.892, df=5.880,
p=0.001), fourth (t=—3.667, df=5.146, p=0.014), fifth
(t=—12.247, df=6.00, p<0.0001) instar nymphs and
adult female (¢=—7.155, df=5.534, p<0.001) preferred
untreated thrips. It was further confirmed by Manley’s
preference index f 1 for each nymphal instar and adult B.
pallescens (Table 3).

Prey preference at different time interval of infection

Comparative data of prey preference of adult B. palles-
cens on VI-8-treated thrips at different post-inoculation
period (24-96 h) and untreated thrips showed that at
each post-inoculation period, significant preference was
observed for untreated thrips (24 h: £=5.73 P<0.0001;

(2022) 32:142

Page 5 of 7

48 h: t=9.86 P<0.0001; 72 h: t=11.77 P<0.0001; 96 h:
t=19.5 P<0.0001). As the time of post-inoculation
increased, adult predator consumed more number of
untreated thrips. Very low feeding was observed on
treated thrips after 48 h of post-inoculation.

Discussion

The present study revealed that there was no mortality in
any stage of B. pallescens when fed on V1-8-treated thrips
and predatory bugs were successfully abled to complete
their life cycle on treated thrips. This finding is similar
to Broza et al. (2001) who found that collembolans were
not susceptible to Metarhizium anisopliae, Verticillium
lecanii, Beauveria bassiana, Hirsutella spp., and its endo-
toxins. Longevity of the B. pallescens bugs was reduced
when fed on treated prey compared to the control group.
Similar observations were recorded by Liu et al. (2019)
who found the reduction of longevity and predation rate
of predatory mite Amblydromalus limonicus Garman
when treated with EPF Beauveria bassiana (Balsamo).
Feeding potential data of B. pallescens on VI1-8-treated
thrips revealed that there was a reduction in their feed-
ing potential than the control group. This finding is cor-
roborated with the study of Pourian et al (2011) who
observed reduction in feeding, searching and predation
of Orius albidipennis (Reuter) when fed with Metarhi-
zium anisopliae treated prey. Trizelia et al. (2017) found
the reduction in the predation ability of Menochilus sex-
maculatus when EPF-sprayed aphids were provided.
Such reduction in the feeding potential of B. palles-
cens might be the cause of elongated nymphal duration
in the bugs fed on infected prey due to lack of enough
nutritional requirement for growth. Reduced feeding on
infected prey might hamper pest control and needs field
study. However, it is not uncommon in field situation that
general predator like B. pallescens can switch the prey or
might prefer uninfected prey.

Table 3 Prey preference of different nymphal instars and adult of B. pallescens fed on VI-8 treated and untreated thrips recorded after

24 h
Predatory stage No. of untreated thrips No. of treated thrips Manley’s preference index*
consumed (mean = SE) consumed (mean =+ SE)
B1 (mean =+ SE) t value p value

Il Instar 25+029 0.75+0.48 0.794+0.12 6.383 0.08

Il Instar 354+0.29 1.25+0.25 0.75£0.05 15.243 0.01

IV Instar 54041 2254063 0.72+0.08 9.369 0.03
Vinstar 754029 254029 0.78£0.03 26.167 0.001
Adult 8.5+0.65 2.754+0.48 0.794+0.04 18.114 0.001

Value 1 is the prey preference for untreated thrips and 0 is for treated thrips

*One-sample t test comparing Manly’s index for untreated thrips setting a value 0.5 to test the null hypothesis that the predator preferred prey at random
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The present study clearly showed that there was no
influence of the EPF (V1-8) on the percent egg hatching
of the bugs, but reduction in fecundity was observed.
Sayed et al. (2021) also found that the egg hatching of the
coccinellids, Coccinella undecimpunctata and Hippo-
damia variegate, was not affected by Beauveria bassi-
ana. Similar to present study, fecundity of Cryptolaemus
montrouzieri Mulsant was affected by both B. bassiana
and M. anisopliae (Mohammed 2019). On the contrary,
Nielsen et al. (2005) reported non-significant difference
in the fecundity of Spalangia cameroni Perkins, a pupal
parasitoid when infected with Metarhizium anisopliae.
The nymphal duration of F1 generation of B. pallescens
obtained from the parents fed on VI1-8-treated thrips was
similar to that of F1 generation obtained from the control
parents fed on untreated thrips. Similarly, Liu et al. (2019)
observed no influence of B. bassiana on the fecundity of
F1 generation when compared to the uninfected control
group. It is therefore clearly evident that the trans-gener-
ational effect of EPF was not carried forward to the prog-
eny of infected parents (Midthassel et al. 2016). When
choice was given between VI-8 treated and untreated
thrips to the different instars of B. pallescens, they sig-
nificantly preferred the untreated prey. Similar results
were documented in the study of Meyling and Pell (2006)
where they found that the males and females of Anthoco-
ris nemorum L detected and avoided the contact with B.
bassiana inoculated leaf. In present study, the adult bugs
preferred the untreated thrips to that of VI-8-treated
thrips in all tests. Almost nil feeding was observed when
fed on treated thrips at 96 h. post-inoculation. This may
be due to the bug’s ability to detect infected prey par-
ticularly when mycelia growth develops on prey and
when it comes in contact to them. Similar observations
were made for Dicyphus hesperus bug which did not pre-
fer whitefly nymphs treated with Isaria fumosorosea five
days prior (Alma et al. 2010).

Conclusion

The study showed no mortality in any of the stage of
predator when VI-8-treated thrips were provided for
feeding. However, fecundity and longevity were affected.
But absolutely no adverse effect was observed on devel-
opmental period and feeding potential of nymphs in F1
generation which shows that trans-generational effect of
this fungi (VI1-8) was not carried over to F1 generation.
Furthermore, B. pallescens always preferred untreated
thrips over VI-8-treated thrips. In field, there is less
chance of B. pallescens encountering treated thrips/
prey. Greenhouse and field experiments need to be
conducted to ascertain the compatibility between B.
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pallescens and L. lecanii (V1-8) and their role in manage-
ment of thrips.
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